The natural behavioural repertoire of the pig includes extensive foraging behaviour and long feeding times. Customary feed for growing pigs does not meet these requirements, resulting in unsatisfied feeding motivation. This may lead to behavioural disorders and reduces animal welfare. Studies on sows showed that by enhancing crude fibre content in the feed, satiety can be improved and the feeding motivation reduced. In growing pigs, however, studies are lacking, although abnormal behaviours are widespread. Therefore, we investigated the feeding behaviour of 56 castrated male pigs, who received either a standard compound feed or a high fibre feed containing lignocellulosis. High fibre pigs feed less often but longer times than control pigs. The feeding rate of high fibre pigs is clearly reduced, resulting in lower feed intake. Due to the composition of the fibrous feed, energy intake is less and crude fibre intake higher in high fibre pigs. Those animals have lower daily weight gain than control pigs, the feed conversion, however, does not differ between diets. Our results indicate that fibrous feed increases satiety in growing pigs. Sufficient satiety reduces foraging and feeding motivation and related behavioural problems. High fibre feed is therefore suitable to improve the welfare of fattening pigs.
Introduction
Modern housing systems for pigs are designed to deliver maximum performance. At the same time, consumers more and more develop a sense for animal welfare and tend to require animal friendly housing systems.
A housing system can be acknowledged as animal friendly if it meets the animal's requirements regarding feed, shelter and physical functions and the possibility to perform species-specific behaviour (Hesse et al. 2000) . The most prominent species-specific behaviour of pigs is foraging-related rooting (Graves 1984) . In natural environments pigs spend major parts of the day engaged in feeding and related behaviours (Kittawornrat & Zimmerman 2011) . Although this is common knowledge, modern housing systems do almost entirely ignore this requirement on the pigs´ environment.
The behavioural repertoire of the pig includes a large range of exploratory behaviours and a high motivation to forage and manipulate substrate (Day et al. 1995 , Kittawornrat & Zimmerman 2011 . The feed is found and fed in small bouts, the feeding rate therefore low growing pigs a beneficial effect might be found. Therefore, in this paper we investigate the effect of a high-fibre feed on the feeding behaviour of growing pigs. We analyse effects on the frequency and duration of feeding events as well as feed intake and feeding rate, crude fibre and energy intake and feed conversion.
Material and methods

Animals and experiments
Two consecutive experiments A and B were conducted on 28 Duroc × (Landrace × Large White) castrated male pigs each, from March to July (A) and from September to December (B) 2010. Prior to each experiment was an adaption period of two weeks. In the beginning of each experiment, the animals were randomly assessed to two groups of 14 pigs of the same medium body weight (A: 23.0±2.6 kg, B: 40.1±4.2 kg). Data collection ended after 96 (A) or 84 (B) days with a medium live body weight of 106.3±9.8 kg (A) or of 103.3±12.7 kg (B) .
While the control group was fed ad libitum with a standard fattening compound feed, the test group's feed contained 6 % lignocellulosis in experiment A and 9 % lignocellulosis in experiment B and was thus higher in crude fibre (Table 1 ). The product used was Arbocel R (J. Rettenmaier & Söhne, Rosenberg, Germany). The manufacturer's recommendation is up to 3 % for fattening pigs. We used the double and triple amount to ensure measurable results. The pigs were housed in two similar outdoor enclosures. Each enclosure contained an automatic feeder and an automatic drinker as well as an air conditioned hut with slatted floor that served as resting area. The feeders were equipped with a sensor-based recognition tool for data acquisition. Each pig carried an ear-plug responder that allowed individual recognition at the feeder and the recording of time and amount of feeding.
During the experiments, enclosures were changed between groups once after 6 weeks (A) or every three weeks (B). The live body weight of all pigs was collected once per week.
Data processing
Due to illnesses and losses of animals, 11 to 13 pigs per group were analysed.
The data were transferred into a database and filtered for logical sequence, visits at the feeders with no or negative feed intake were deleted. Sums for each day and animal were calculated for the following properties: feeding duration, feeding frequency, feed intake and feeding rate.
Visits at the feeder were grouped into meals. Like various other behaviours, feeding behaviour can be split into bouts (Slater & Lester 1982) . The intervals between bouts were plotted as a log survivorship function, as described by Bigelow & Houpt (1988) . In accordance with the findings of Morgan et al. (2000) , we found, however, a trimodal distribution and thus used a three-curve model.
For each group a pooled meal criterion was calculated, and the number of meals was assessed for each animal and day. Subsequently, the average feeding duration per meal and feed intake per meal were calculated by dividing daily sums by the number of meals. In addition, the daily intake of energy and crude fibre was assessed for each pig. Furthermore, daily feed efficiency was calculated for each pig by dividing feed intake by weight gain.
All data was assessed to one of three weight categories according to the body weight of the animal. Categories were I: 25-49.5 kg, II: 50-79.5 kg and III: 80-125 kg (Table 2) . Not all animals, however, started with an initial weight of 25 kg or reached a maximum weight of 125 kg. The presentation of the results was mostly done by the use of Box-Whisker-Plots ( Figures  2-8 ). In this form of diagram, the median is indicated by a horizontal line within the box. The box itself includes the lower and the upper quartile (25th and 75th percentile); and the whiskers indicate the sample minimum and sample maximum. All properties were tested for significant differences between control and test group within weight categories, using the Mann-Whitney-U-Test. Software used for data processing and 
Results
The feeding behaviour of four groups of total 48 fattening pigs was analysed during the whole fattening period by assessing the following parameters per day: number of visits at the feeder, number of meals, feeding duration during the whole day, feeding duration during a meal, feed intake during the whole day and during a meal, feeding rate, energy intake, crude fibre intake and feed conversion. Values of the two test groups were compared with those of the control groups. The number of visits at the feeder is strongly dependent on technical aspects and can underlay great variations. More meaningful is the number of meals. A meal consists of several feeding bouts that are separated by pauses of different length.
By applying the meal criterion based on the method described by Bigelow & Houpt (1988) , visits at the feeder were grouped into meals. A pooled meal criterion was calculated for each group of pigs. Figure 1 shows the untransformed and log-transformed data of intervals between feeder visits for the control group of experiment A. Pauses longer than the meal criterion separate two meals, while pauses shorter than the meal criterion separate two feeding bouts of the same meal. The meal criteria in experiment A were 50.91 min for the control group and 46.53 min for the test group, and in experiment B 72.09 min for the control group and 78.33 min for the test group.
Feeding frequency
The pigs of the test group tended to have fewer meals than those of the control group ( Figure  2 ). This difference is highly significant in weight category I of both experiments. No significant difference can be seen in the body weight categories II, although the number of meals was less in the test group. The picture in body weight category III is diverse: while in experiment B the test group again had significantly fewer meals than the control group, in experiment A the test group had highly significantly more meals.
All groups showed a decreasing number of meals with growing weight, with the exception of the test group in experiment A, whose meal number increased in the highest weight category.
Feeding duration
The total time spend feeding during a day, as shown in Figure 3 , was higher in the test group in most weight categories. This difference is significant in category I and III of experiment A and in category III of experiment B.
A change of daily feeding time with increasing body weight could not be observed. The feeding duration per meal showed a similar pattern. Pigs of the test group fed longer per meal, this being statistically significant in the categories I and category III B (P<0.001). Differences in the categories II were not significant. Due to the higher number of meals of the test group of category III A, the feeding duration per meal in this group was significantly less than in the control group (P<0.05).
While the average feeding duration per meal was the same for all weight categories in experiment A, in experiment B it increased with increasing body weight of the animals. 
Feed intake
The daily feed intake of the high fibre test group is less than that of the control group in all categories but one (Figure 4 ). In the categories I and II this difference is statistically significant. Only pigs of the high fibre test group in category III in experiment B are feeding significantly more than the control pigs. Feed intake is clearly increasing during the fattening period.
While the daily feed intake was different between test group and control group, the feed intake per meal did not clearly differ between diets. Test groups fed significantly less per meal in category II (P<0.05) and category III (P<0.001) of experiment A, but more in category III of experiment B (P<0.05). In all other categories, no differences could be observed. Due to decreasing meal numbers in the course of the experiment and increasing daily feed intake, the feed intake per meal was considerably increasing during the fattening period. Figure 5 shows the feeding rate, that means the feed intake per minute. It did also distinctly increase during both experiments. The feeding rate of the high fibre test group is significantly lower than that of the control group. Only in category III A, this difference is not significant.
In consistence with the growing feed intake, the energy intake is also increasing during the fattening period ( Figure 6 ). Energy intake of the control group is significantly higher than that of the test group, only in category III B this difference is not significant. In body weight category I, control pigs receive 14 % and 24 % more energy than high-fibre pigs, in category II 13 % and 12 % more and in category III 6 % and 4 % more energy.
Due to the higher content of crude fibre in the feed, crude fibre intake was significantly higher in the test group in all categories (P<0.001), between 31 % and 69 %.
As feed intake did increase during the fattening period, so did crude fibre intake. Figure 7 shows the mean body weight gain of the high fibre test pigs and the control pigs. Starting with the same mean weight, high fibre pigs grew more slowly and weighed considerably less in the slope of the experiments. Mean daily weight gain of all categories was 822 and 697 g/day in the high fibre groups A and B and 874 and 812 g/day in the control groups. Daily weight gain was significantly less in the test group in all weight categories, with the exception of category III in experiment A. The feed efficiency, the expended feed per kg body weight gain of the pig, is shown in Figure 8 . There is no significant difference to be observed between test group and control group in experiment A as well as in the first two categories of experiment B. Only in category III B the efficiency of the test group is significantly higher.
Weight gain and feed conversion
Discussion
The influence of high amounts of crude fibre in the feed on adult sows has been shown in several studies. Here we found similar impacts on the feeding behaviour of growing pigs.
The most prominent differences between high fibre and control pigs were a tendency for fewer meals in high fibre pigs, a longer daily feeding duration as well as longer feeding durations within a meal, a smaller amount of daily feed intake but no differences in feed intake per meal and a reduced feeding rate in high fibre pigs. While the daily energy intake of high fibre pigs was lower than that of the control group, the intake of crude fibre was higher. High fibre pigs had a lower daily weight gain during the experiment, the feed efficiency, however, was similar between groups.
We calculated meal criteria for each group of pigs between 46 and 78 min. Most authors using the meal criterion found much smaller values, for example 2 min (Quiniou et al. 2000) , 5 min (Renaudeau et al. 2003) , 10 min (Bigelow & Houpt 1988) or 28.3 min (Hyun et al. 1997) . All these criteria are, however, based on a two-curve model, while we used a three-curve model as described by Morgan et al. (2000) . The values above show that meal criteria vary strongly between experiments and are highly dependent on the experimental design and feeding regime. As Renaudeau et al. (2003) noted, has an overestimation of the meal criterion a negligible effect on the feeding pattern, while an underestimation may result in an increase in the number of meals that strongly influences further results. The influence of meal number on all other values calculated per meal becomes apparent in the results for the weight category III (>80 kg) of experiment A. Contrary to the other results, the test group in this category show significantly more meals than the control group. As a result of this high meal number, the feeding duration and intake per meal is lower than expected by the other results.
In this experiment, high fibre pigs of all groups ingested significantly more crude fibre than the control pigs. Energy intake was less in all high-fibre groups.
Fibrous feed is supposed to increase satiety in pigs. The changes in feeding behaviour are therefore believed to be consequences of enhanced satiety.
The finding that high fibre pigs eat in fewer meals per day is in accordance with that. A higher and longer satiation reduces the motivation to feed for a longer time and thus increases the intervals between meals, which leads to fewer meals per day. We found mean meal numbers of 3.5 to 7 meals per day, similar to the numbers given by Hyun et al. (1997) and Quiniou et al. (2000) , who fed barrows with customary fattening feed.
The calculated mean feed intake per meal in our two experiments is approximately 280 g and 380 g in weight category 1 and 510 g and 640 g in weight category II. That is more than reported by Quiniou et al. (2000) , who calculated intakes of 261 g per meal for a group comparable to our first two weight categories.
Higher satiation and a higher gut fill can also been seen as a reason for the reduced daily feed intake of the high fibre groups (Danielsen & Vestergard 2001) . The feed intake per meal, however, did not vary considerably between groups. Presumably pigs finish their meal when they have fed a certain amount of feed and are satiated for the moment. This amount is not dependent on crude fibre level. The shorter satiation caused by low fibre feed prompts the control pigs to start their next meal sooner than high fibre pigs, leading to a higher meal number and higher daily feed intake.
The mean feeding rate of our small category I pigs is 24.5 to 28.7 g min -1 and rises up to 65.8 g min -1 in finishing category III pigs. Other authors found similar feeding rates of 23.6 (Hyun et al. 1997) or 31.3 to 42.4 g/min (Quiniou et al. 2000) for pigs of body weights comparable to our categories I and II.
A clear result is the reduced feeding rate of high fibre pigs. Our findings are in accordance with the reports of Ramonet et al. (1999) who found 40 % reduced feeding rates in restricted fed sows that received various fibre sources. This reduction of the feeding rate can explained with a diminished feeding motivation as well as a longer mastication time (Meunier-Salaün et al. 2001) .
Due to the slower process of feeding, the feeding duration is clearly increased in high fibre pigs. This can be seen as well in daily feeing durations as in feeding durations within a meal. Longer feeding durations for high fibre pigs can also be found in studies on adult females. Robert et al. (1997 Robert et al. ( , 2002 found an increase of the feeding duration of 100-200 % in gilts that were fed with fibre of various sources. Ramonet et al. (1999) , Danielsen & Vestergaard (2001) and Holt et al. (2006) found a prolonged eating time in pregnant sows. In these studies, high fibre pigs received greater meals to ensure the same nutrient intake of all animals. However, magnification of feeding duration was higher than that of meal size.
Longer feeding times for high fibre feed result in longer occupation of the animal and might reduce the pigs´ feeding motivation (Robert et al. 1997) . Daily feeding times for barrows fed ad libitum are 67 to 78 min in literature (Hyun et al. 1997 , Quiniou et al. 2000 , similar than our findings of 55 to 74 min per day. Also our feeding times per meal of 10 to 24 min agree with the study of Hyun et al. (1997) , who report 10.8 min mean feeding time per meal.
Not all studies, however, found a significant difference in the feeding behaviour of pigs fed with high fibre feedstuffs. Renaudeau et al. (2003) investigated the influence of wheat bran as fibre source on sows in tropical climate and concluded that feeding behaviour was not influenced by fibre content.
Fibrous feed for growing pigs is usually associated with insufficient performance. In this experiment, high fibre pigs had lower daily weight gain than the control pigs, as it was expected due to the lower energy content of the test feed. Only in the end of experiment A, daily weight gain did not differ between control and high fibre pigs, possibly because older pigs are not that sensitive to high amounts of crude fibre any more.
A longer fattening period of pigs fed with fibrous feed can therefore be expected. The feed efficiency, however, did not significantly differ between test group and control group.
To gain measurable results, we used rather high amounts of fibrous feed additive: double and triple of the amount recommended by the manufacturer. It seems likely that the recommended amount will not have such a strongly limiting effect on performance as it occurred in our experiments. It needs to be investigated if the beneficial effects of fibre do also apply for smaller concentrations. However, it was not the aim of this study to analyse the possibilities of economic use of fibrous feed but the impact on animal behaviour. An additional investigation on the economic efficiency of high fibre feed for fattening pigs would thus be advisable.
It can be summarised that high fibre pigs feed less often but longer times than control animals. However, due to reduced feeding rate, the feed intake is less in high fibre pigs. The composition of the test feed leads to the intake of less energy but more crude fibre. Test pigs gained less weight during the experiment, the feed efficiency, however, does not differ between diets.
The change of feeding behaviour in high fibre fed growing pigs gives strong evidence that fibrous feed enhances satiety. Higher satiety apparently leads to a reduced feeding motivation (Meunier-Salaün et al. 2001 , Robert et al. 1997 . Unsatisfied feeding motivation is known to lead to enhanced oral behaviour and as a result cause behavioural disorders and misdirected foraging behaviours in pigs. By reducing the feeding motivation as well as the motivation for other oral behaviours in pigs, the welfare of the animal can be improved. Fibrous feedstuff is therefore suitable to improve the wellbeing of growing pigs. To evaluate the economic efficiency of such a feed, further investigation will be necessary.
